Objective-HIV+ patients are at increased risk of cardiovascular disease (CVD). This study assessed long-term changes in carotid intima-media thickness (IMT) as a surrogate marker for CVD risk in HIV-infected children and young adults.
INTRODUCTION
HIV-infected individuals are at an increased risk of cardiovascular disease (CVD) [1, 2] . Non-invasive techniques are widely used to assess CVD risk in both adults and children. Carotid intima-media thickness (IMT) measured by ultrasound is one of the most wellaccepted and robust methods to estimate subclinical atherosclerotic formation and progression, as it predicts cardiovascular events in the general adult population [3] [4] [5] . Although no studies to date have shown the predictive value of IMT in the HIV-infected population, several studies found increased IMT in HIV-infected individuals compared to healthy controls [6] [7] [8] [9] , and IMT progresses more rapidly over time in HIV-infected patients [7, 8, 10] .
A number of cross-sectional studies also found increased carotid IMT in HIV-infected children and young adults compared to healthy controls [6, [11] [12] [13] [14] , but the changes overtime have not been reported in this population. We were the first to present longitudinal data on carotid IMT in over a 48-week period in HIV-infected children and young adults and healthy, matched controls [15] . Unexpectedly, in both the HIV-infected and control groups, IMT decreased (i.e. improved) over this time period, with more pronounced changes among the HIV-infected group for both internal carotid artery (ICA) and common carotid artery (CCA) IMT. Higher CD4+ T-cell count and longer duration of antiretroviral therapy (ART) may have contributed to these improvements seen at week 48 [15] , although we could not rule out a confounding effect of better diet and/or exercise habits as the result of enrollment into this study and subsequent awareness of CVD risk.
Thus, the purpose of this current study was to investigate the longer term changes in IMT, beyond the initial 48 weeks, in HIV infected children and matched healthy controls. Specifically, our objectives were to 1) describe carotid IMT changes over a 144-week period in HIV-infected children and young adults; 2) compare these changes in HIV-infected children and young adults to an age-matched reference group of healthy controls; 3) investigate potential variables, both HIV-related and traditional CVD risk factors, that might be associated with carotid IMT changes in HIV-infected children and young adults.
METHODS

Study design/population
This was a single-site, longitudinal, 144-week observational study of HIV-infected children and young adults and healthy uninfected controls. The primary outcomes were longitudinal measurements of ICA IMT and CCA IMT. Preliminary baseline and 48-week data were reported previously [6, 15] . Data from only subjects who completed 144 weeks are presented here, with a focus on baseline to 96 weeks and from 96 to 144 weeks, given that the most meaningful changes occurred over these time periods.
As previously described [6, 15] , HIV-infected children and young adults attending the pediatric HIV clinic at Rainbow Babies and Children's Hospital/University Hospitals Case Medical Center, Cleveland, Ohio were eligible for enrollment. Inclusion criteria were HIV infection and age 2-21 years. Exclusion criteria included active opportunistic infections, renal failure, diabetes, hypertension, family history of premature CVD, and smoking. Healthy controls were chosen from a larger convenience sample including children of hospital staff, siblings of HIV-infected patients, and patients seen at the general pediatric clinic. The goal was to achieve a group with similar age (±2 years), body mass index (BMI) (±1 kg/m 2 ), and proportions of sex and race. Matching used for selection was not retained in the analysis. Additional exclusion criteria for uninfected controls included current or recent infectious or inflammatory illness, known chronic disease, and receiving any prescription medication. Inclusion and exclusion criteria for both groups were only utilized at enrollment.
The study was reviewed and approved by the Institutional Review Board of the University Hospitals Case Medical Center. All parents or legal guardians and children, when appropriate, gave written informed consent to participate in the study.
Clinical assessments
Blood pressure measurements and standardized anthropometry were performed by the same experienced study coordinator (NS) based on procedure recommendations from the Metabolic Study Group of the AIDS Clinical Trials Group, at baseline, and yearly thereafter. An extensive chart review of HIV+ subjects included demographics, all past and current medical diagnoses, concomitant medications, and detailed ART history. Controls (or guardians) completed questionnaires in order to obtain their relevant demographic and medical information.
Laboratory tests
After ≥8 hours fasting, blood was collected from all subjects for real-time measurements of insulin, glucose, and lipoprotein profile. Insulin resistance was calculated using the homeostasis model assessment of insulin resistance (HOMA-IR) ((fasting glucose (mg/dL) × fasting insulin (μU/mL))/405). [16] Absolute and percent CD4+ T-cell count and plasma HIV-1 RNA level were concomitantly measured as markers of HIV disease.
Carotid IMT measurements
All carotid ultrasounds were performed by an experienced sonographer and read by an experienced radiologist, both blinded to HIV status. Carotid IMT methods were used as previously described [6] . Briefly, images of the bilateral CCA and ICA were obtained in longitudinal views separately. Images of the near (proximal) and far (distal) wall free of plaques were acquired with a 7-14 MHz AT 1204 linear array transducer (Toshiba American Medical Systems, Tustin, California) operating at 14 MHz with differential harmonics. Three measurements of IMT were obtained at near and far wall of each CCA and ICA. The mean of three measurements at each site (right and left side) was used as final measurement of IMT for that site (for both CCA and ICA, the far and near wall had three IMT measurements each, resulting in a total of 12 measurements per subject). Right and left sides were then averaged, and reported as a single ICA and CCA measurement [17] .
Statistical methods
Demographics, clinical characteristics and fasting metabolic parameters are described by study group, and HIV-related characteristics are described for HIV-infected children. Continuous measures are described by medians and ranges, and nominal variables are described with frequencies and percents. Nominal variables were compared using χ 2 analysis or Fisher's exact test. Continuous measures were tested for normality. For betweengroup comparisons (at each time-point and changes from baseline to 96 weeks and from 96 to 144 weeks), normally-distributed variables were compared using t-tests, and nonnormally-distributed variables were compared using Wilcoxon rank sum tests. For withingroup changes from baseline to 96 weeks and from 96 to 144 weeks, normally-distributed variables were compared with a paired t-test, and non-normally-distributed variables were compared with Wilcoxon signed rank.
As previously described [15] , step-wise regression models were constructed to investigate relationships between outcome measures of carotid IMT and variables of interest within the HIV-infected group. The variables of interest in our study fall naturally into qualitative categories: (1) baseline clinical characteristics, (2) baseline laboratory values, (3) baseline HIV-related factors, (4) change in clinical characteristics during study period, (5) change in laboratory values during study period, and (6) HIV-related factors during study period. In the first stage for each IMT outcome, separate models were created for each of the six aforementioned categories for ICA and CCA separately, and for baseline to 96 weeks and for 96 to 144 weeks for a total of 24 individual models. Variables for inclusion in models were chosen based on clinical significance. Models were maximized based on R 2 by interchanging those variables where choices were relevant, e.g. measures of body habitus.
Any variable from each of the first stage models which achieved a P value of ≤0.1, or lacking that, the variable with the lowest P value in the model, was included in the second stage analysis. Any variable from the second stage that remained P<0.1 was then included in the final models. The final models included 4 total: CCA IMT baseline to 96 weeks, ICA IMT baseline to 96 weeks, CCA IMT 96 to 144 weeks, and ICA IMT 96 to 144 weeks. Results are presented as regression coefficients, standard errors of the coefficients, P values, and adjusted R 2 . This approach was chosen over a composite model with HIV as a variable, because the interest was not simply to determine the effect of HIV on the outcome, but to examine the possibility that a different mechanism is in play in the presence of HIV. Variable selection was also complicated by a large number of candidate variables relative to the overall N, and the correlation of some variables within a given class, e.g. lipids, HIVrelated variables.
All analyses were performed using SAS, version 9.2 (SAS Institute, Carey, North Carolina). While variables were screened for admission into multivariable models using P=0.10, the level of significance for final analyses was set at 0.05.
RESULTS
Study population
Baseline characteristics-All 39 HIV-infected patients seen at our clinic were eligible and offered participation in the study; all agreed to participate. Thirty-nine healthy controls were identified and enrolled. By 144 weeks, 5 HIV+ subjects and 10 controls were lost to follow-up or withdrew from the study for transportation or schedule issues. Only those subjects who had data for baseline, 48, 96, and 144 weeks were included in the analysis (HIV+, N = 34; controls, N = 29). The 10 controls who were not included in the analysis matched the 29 subjects who were included in age, sex, race, and BMI.
Baseline demographics, clinical, and laboratory characteristics of the two groups are shown in Table 1 . Groups were similar with regard to age, sex, race, BMI, waist circumference (WC), blood pressure, high-density lipoprotein (HDL) cholesterol, and HOMA-IR. HIVinfected group had higher total cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides (TG).
All but 3 HIV-infected subjects were perinatally-infected. Four subjects were ART-naïve at baseline, but the rest of the subjects were on ART and 79% of all subjects had undetectable HIV-1 RNA levels at baseline. Almost half of all subjects were on a protease-inhibitor (PI)based regimen, and half were taking thymidine-analog nucleoside-reverse transcriptase inhibitors (tNRTI).
Within-group and between-group changes over study period-From baseline to
week 96, BMI and WC increased significantly within both HIV-infected subjects and controls without significant between-group changes ( Table 1) . High-density lipoprotein cholesterol (HDL-C) increased significantly within the HIV-infected group and compared to the controls.
From week 96 to week 144, BMI, WC, and systolic blood pressure increased significantly within the HIV-infected group without significant differences between HIV+ and control group. Among the controls, only WC increased significantly within the group.
Of the four ART-naïve subjects, all but one started ART during the study period (at enrollment, 2 weeks, 1 month, respectively). Absolute CD4+ T-cell count, CD4 %, and the number of subjects with HIV-1 RNA <400 copies/mL did not change significantly from baseline to 96 weeks or from 96 weeks to 144 weeks.
Carotid IMT
Baseline and Changes over study period-Baseline IMT and changes over the 144-
week study period are depicted in Figure 1 . At baseline, both CCA and ICA IMT were increased in the HIV+ group compared to controls.
From baseline to week 96, IMT continued to decrease within the HIV+ group over this entire time period, while IMT decreased initially in the controls from baseline to week 48, but then increased above baseline by week 96. The decrease from baseline to week 96 in the HIV+ group was significant, and was significantly different from the controls. Both ICA and CCA IMT changes followed similar patterns.
From week 96 to week 144, CCA and ICA IMT increased significantly within both HIV+ and control groups. Only the increase in CCA IMT was significant between groups, where the HIV+ group's IMT increase was greater than the controls.
Regression Analyses
Final regression models for the HIV-infected group for both ICA and CCA from baseline to week 96 and from week 96 to week 144 are shown in Table 2 .
For changes in CCA IMT from baseline to week 96, only baseline HOMA-IR and PI duration were significant in this model, where the lower the baseline HOMA-IR and the shorter the duration of PI use at 96 weeks were both associated with more negative change (i.e. improvement) in CCA IMT. For changes in CCA IMT from week 96 to week 144, only sex was significant, where male sex was associated with less of an increase in CCA IMT. For changes in ICA IMT from baseline to week 96 and from week 96 to week 144, no variables remained significant in the final models.
DISCUSSION
This study evaluated, for the first time in HIV, changes in subclinical vascular disease, assessed by carotid IMT, in HIV-infected subjects compared to healthy controls. After an initial decrease in IMT in both groups over the first 48 weeks, IMT in the HIV-infected group continued to decrease until 96 weeks and then increased from 96 weeks until week 144, ending at approximately the same thickness as baseline. The healthy controls' IMT continued to increase from 48 weeks until the end of the study at 144 weeks. Both CCA and ICA IMT followed similar patterns throughout the study period for both groups. By week 144, both groups had similar values compared to one another for both CCA and ICA IMT.
While there have been a number of cross-sectional studies evaluating carotid IMT in HIVinfected children and young adults [6, 11, 12, 18] , our cohort study is the first to evaluate longitudinal changes in either HIV-infected or healthy children. Thus, it is generally unknown what the natural course of carotid IMT is in this population. While some crosssectional studies have suggested that carotid IMT increases with age even during childhood [19, 20] , not all studies support this [21, 22] . As Fernhall et al [23] pointed out in a thorough review of the literature, discrepancies among various studies may be due to the fact that IMT changes very little during childhood, and as it changes, so does arterial size and luminal diameter [20, 22] . These complications likely make measuring carotid IMT longitudinally in children much more difficult than in adults. Thus, this may account for the relatively large changes seen per each year in both groups in our study, despite using a single sonographer and radiologist (both blinded to HIV status), and following a specific protocol on the same machine over the entire course of the study. The overall change from baseline to week 144, however, was comparable in the controls to the average yearly change of 0.015 mm/year in healthy adults [24] .
In the HIV-infected group, there was no overall net change in either ICA or CCA IMT after 144 weeks of follow-up. This may be because HIV infection, directly or indirectly through heightened inflammation and immune activation, and/or antiretroviral therapy regimens could obscure the normal IMT pattern. In a large longitudinal IMT study of HIV-infected adults, the mean CCA and ICA progression was 0.016 and 0.020 mm per year, respectively [25] . Thus, it is at least reassuring that in HIV-infected children and young adults, there was no net increase over 144 weeks, despite the observed accelerated progression in HIVinfected adults compared to the general population. Furthermore, changes seen from year to year in HIV-infected children are likely insignificant, and only extended longitudinal trials spanning over a decade or more would be clinically meaningful.
In our study, we did investigate variables that may be associated with changes in IMT within the HIV-infected group over study increments that appeared to be the most relevant. From baseline to 96 weeks, lower baseline HOMA-IR and shorter duration of PI use were both associated with more negative (i.e. improvement) changes in CCA IMT; whereas, from week 96 to 144, male sex was associated with less positive change in CCA IMT (i.e. not as bad). While traditional risk factors and PI use have all been associated with increased CVD risk in both adult and pediatric HIV-infected populations [6, 25, 26] , these three traditional risk factor variables appeared to be protective against worsening carotid IMT in our study. This, again, may be a reflection of the difficulty in assessing changes in IMT in children over short time periods, or, more likely, this may be an issue of the number of potentially important variables that we examined against a relatively small sample size. This is also likely the reason that no variable remained significant in the final model evaluating changes in ICA IMT.
Despite the aforementioned limitations, longitudinal studies, such as this one, evaluating carotid IMT in HIV-infected children are of paramount importance as the number of longterm survivors of perinatally-infected children and behaviorally-infected adolescents is growing at a significant rate due to combination ART. Furthermore, according to the Centers for Disease Control and Prevention (CDC), there were almost 43,000 new diagnoses of HIV infection in the United States in 2009, with 20% between the ages of 0 and 24 years [27] . Minimizing the risk of complications like CVD during the early HIV infection stage in these children and adolescents would have a considerable impact on not only the length of survival, but on long-term quality of life.
Accordingly, despite the fact the observed changes in IMT during our study period were overall small, we know that atherosclerosis begins during childhood. Postmortem studies have identified fatty streaks in the intima of large arteries in children and adolescents and have correlated with traditional risk factors [28, 29] . Given the additive risk associated with HIV infection, we must continue to longitudinally follow surrogate markers of subclinical atherosclerosis in HIV-infected children and young adults, as well as evaluate interventions which may have a positive impact on their overall CVD risk. This current novel study offers insight into the pathogenesis of CVD in this population, and forms a substrate from which to design additional longitudinal studies evaluating subclinical atherosclerosis in HIV-infected children and young adults.
Figure 1. Carotid IMT trends over 144 weeks
These graphs show the yearly trends for CCA (A) and ICA (B) IMT for HIV-infected subjects and healthy controls over 144 weeks. CCA, common carotid artery; ICA, internal carotid artery; IMT, intima-media thickness. Table 1 Demographics, laboratory, and clinical characteristics of the study population. a HIV duration was calculated as chronological age for those with vertical transmission, and time from diagnosis for those with behavioral transmission.
b
CD4 nadir was recorded as the lowest CD4 count at any point prior to and including entry. BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; ART, antiretroviral therapy; PI, protease inhibitor, tNRTI, thymidine-analog nucleoside-reverse transcriptase inhibitors Table 2 Final Regression Models for Changes in Carotid Intima-Media Thickness
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